SUMMARY The relationship of urine glucose concentration with 'average' blood glucose concentration for the corresponding period was investigated in 10 juvenile diabetics during the performance of 15 inpatient metabolic profiles. 0 % glycosuria was associated with 'average' blood glucose concentrations <6-4 mmol/l (<115 mg/lOOml), 2% glycosuria with concentrations >8 6 mmol/l (>154 mg/lOOml), and over 50% glycosuria with concentrations > 11 .3 mmol/I (>204 mg/lOOml).
The 2-drop Clinitest method detects glycosuria up to 5 % without significant loss of accuracy and is recommended in preference to the 5-drop method.
Diabetic control in children with diabetes is usually assessed by frequent measurements of urine glucose concentration. This test is performed by the child or his parents using a simple proprietary system. Clinitest tablets (Ames Company, Slough) are widely used and, in conventional use, 5 drops of urine plus 10 drops of water generate a colour indicating a reducing sugar concentration in the range from 0 to 2 g/100 ml (0 to 111 mmol/l). Alternatively, the 2-drop Clinitest method (Belmonte et al., 1967) may be used; this uses 2 drops of urine plus 10 drops of water generating a colour range corresponding to a urinary-reducing sugar concentration from 0 to 5 g/100 ml (0 to 278 mmol/l).* Whichever system of urine testing is used, the urine glucose concentration is a retrospective and indirect measurement of the blood glucose concentration from the time that the bladder was last emptied. We studied the relationship between urinary and blood glucose concentrations measured over a 24-hour period in hospital in a group of diabetic children. 
Methods
The study formed part of a larger investigation of metabolic profiles (N. K. Griffin et al. in preparation) performed on diabetic children to assess their total control. At the time of the study all the children were reasonably well controlled according to usual criteria. Informed consent was obtained from the children and their parents before admission to hospital, and throughout the study the children were on their normal diets and their physical activities were not restricted.
Fifteen 24-hour studies were performed on 10 children (3 girls and 7 boys). The ages of the children at the time of the study ranged from 10 to 16 years (mean 13-5) and they had been diabetic for 0 1-8 years (mean 4 2). All the studies were performed with the children on once-daily injections of insulin: 4 on Lente (unspecified manufacturer), 4 also drawn before snacks (10.30, 15.00, and 20.30 hours) and during the night (23.00, 02.00, 05.00, and 07.00 hours). Samples for blood glucose were placed in 5 % perchloric acid and the glucose subsequently measured using the hexokinase method (Bergmeyer, 1974) .
Blood glucose measurements for each child were plotted against time and individual points were joined. From this line the blood glucose concentration was read at 30-min intervals throughout the 24 hours and the 'average' blood glucose concentration was calculated for each period between urine voidings.
Each urine sample voided was collected separately in plastic containers and the volume measured. An aliquot was placed in a separate fluoride tube, and the urine glucose concentration estimated using a glucose analyser with glucose oxidase (Analox Instrume'nts).
The mean interval between voidings during the day was 2-7 hours (range 0.75-5). The overnight urine was passed as a single voiding in the morning: the mean time since the previous voiding for this specimen was 10 hours (range 8 5-11). The results of the overnight samples were analysed separately from the urine voidings and blood glucose measurements made during the day.
Results
Validation of the 2-drop urine test. 26 urine samples were tested for reducing sugar concentration using the 2-drop urine test and the corresponding glucose concentration was measured using the glucose analyser. The correlation is shown in Fig. 1 . All but two Clinitest readings were accurate to within one colour reading on the 2-drop Clinitest scale but it was apparent that a reading on the Clinitest scale of 5 % indicated a glucose concentration equal to, or greater than, 5 g/100 ml (278 mmol/l).
Relationship between blood glucose concentration and urinary glucose concentration.
Night time period There were 14 overnight urine collections. The relationship between the 'average' nocturnal blood glucose concentration and the urine glucose in the morning specimen is shown in Fig. 2 . The correlation is poor and is not statistically significant.
Day time period
The relationship between the 'average' blood glucose concentration and the corresponding urinary glucose concentration during the day is shown in Fig. 3 . The data relate to 10 children and represent 64 blood glucose/urine glucose pairs (r = 0 74; P <0 *001). Undetectable glycosuria occurred only with an 'average' blood glucose <6-4 mmol/l. 2% glycosuria indicated an 'average' blood glucose >8 6 mmol/l, and 5 % glycosuria indicated a blood glucose > 11 * 3 mmol/l.
The urine glucose excretion at each voiding was also measured. Fig. 4 shows that with an 'average' blood glucose <11 1 mmol/l (<200 mg/l00 ml) the urinary glucose loss is small (<5 g; 278 mmol) but with > 11 * 1 mmol/l considerable losses may occur. commercially available kit, such as Clinitest. In Britain the 5-drop method is often used but elsewhere the 2-drop method is more common. It is likely that urine testing will remain the primary index of diabetic control until systems for home monitoring of blood glucose (Sonksen et al., 1978; Walford et al., 1978) are simplified, especially in the case of diabetic children. The usefulness of urinary glucose measurements in the management of diabetes depends on its accuracy in reflecting the blood glucose concentration. The two measurements are not constantly related as the urine glucose concentration will be influenced by the 400 50o(mgIlooml) urine volume, the renal threshold for glucose, and ;0 25 (mmol/l) the peak blood glucose levels reached between bladder voidings. These factors may alter from dayto-day because of variations in the patient's activity, nary glucose fluid intake, and general health, and in qualitative average' daytime changes in the carbohydrate eaten. )J).
Overnight, changes in blood glucose concentrations occur more slowly but because of the longer time between bladder voidings they are not so accurately reflected by urinary glucose concentrations. The urine glucose may relate to the height of the postprandial blood glucose level the evening before, or to the rising blood glucose in the later hours of the night in patients in whom insulin activity does not completely cover 24 hours. It is, therefore, difficult to interpret the urine glucose concentration on the first specimen voided in the morning unless it is 0%.
During the day urine glucose concentrations give a valid retrospective index of blood glucose levels. Readings of 0% indicate a blood glucose concentration below the patient's renal threshold since the last urine specimen. Readings of 2 % indicate an 'average' blood glucose >8 *6 mmol/l, and levels of 5 % indicate an 'average' blood glucose >11 * 3 mmol/l. Furthermore large quantities of glucose may be lost in the urine when the 'average' blood glucose is >11 1 mmol/l since the previous voiding 400 50)0 (Fig. 4) . In order to identify blood glucose con-(mg/l00 ml) centrations of this level, urine 
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